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1I. INTRODUCTION
This report presents the progress made on the development of
the load and resistance factor design of cold-formed steel following
the preparation of the First Progress Report.
In Article 11.1, the statistical analyses of the tested values
versus the specified values on mechanical properties and thicknesses
of the steel sheets and strip are discussed. More than 4,000 tensile
coupon tests on mechanical properties and 1,400 data on thickness of
steel sheets have been collected and analyzed.
For the purpose of formulating the procedures to be used for
calibration of various provisions of the AISI Specification, the
required formulas are summarized in Article 11.2.
Article 11.3 contains the calibration of the current and proposed
AISI design provisions on unstiffened compression elements. (I,ll)
The calibrations of the current AISI provisions on bolted and
welded connections are presented in Articles 11.4 and 11.5,
respectively.
Based on the progress made to date, a preliminary summary is
presented in Article 11.6.
This report is a revision of the Second Progress Report dated
November, 1976.
This investigation was sponsored by American Iron and Steel
Institute. The technical guidances provided by our consultant,
Dr. M.K. Ravindra, the AISI Task Group on Load and Resistance factor
Design (K.H. Klippstein, Chairman, D.H. Hall, R.B. Matlock, and
D.S. Wolford, members), the advisors for the AISI Task Group
2(R. Bjorhovde, N.C. Lind, F,J, Phillips, C.W. Pinkham and G. Winter)
and the AISI Staff (A.L. Johnson and D.P. Cassidy) are gratefully
acknowledged. The data on mechanical properties and thicknesses of
steel sheets and strip were supplied by three companies. Their
cooperation in this manner is appreciated. Thanks are also due
to J.R. Senne for his advice during the project.
Special thanks are extended to Mrs. Alice Crangle for typing
this report.
3II. RESEARCH ACTIVITIES
This p~oject was initiated in January 1976. In the first portion
of study, the ~esearch activities included a review of the tentative
AISC format and the Canadian Standard, a study of the safety index, the
effects of dimensional tolerances and variation of mechanical pro-
pe~ties on beam strength, and calib~ations of the AISI formulas for
cold work and effective design width. The findings were p~esented in
the First Progress Report.
In the second portion of study, the following ~esearch activities
were car~ied out on the load and ~esistance factor design of
cold-formed steel:
1) Statistical analyses of the tested data on mechanical
properties and thicknesses of steel sheets and strip.
2) Calibration of the AISI design p~ovisions on unstiffened
comp~ession elements.
3) Calibration of the AISI design provisions on bolted
connections.
4) Calibration of the AISI design provisions on welded
connections.
Details of the above listed studies are discussed in this
Article.
411.1 STATISTICS ON MECHANICAL PROPERTIES AND
THICKNESSES OF STEEL SHEETS AND STRIP
Because material properties play an important role in the per-
formance of structural members, it is necessary to have enough
statistical information on the specified and tested values of the
mechanical properties and thickness of steel sheets, strip, and
plate before developing the criteria for the load and resistance
design of cold~formed steel structural memberi.
At the request of the AISI Task Group on Load and Resistance
Factor Design, three companies have supplied test data of the
mechanical properties and thicknesses of steel sheets and strip.
These data provide information on the following topics:
- yield point
- ultimate tensile strength
- elongation in a 2 in. gage length
- thickness of steel sheet
A total of 4,225 test values on mechanical properties of various
types of steel has been analyzed statistically. The ratios of the
tested values to the specified values are presented in Table 1.
Histograms for the yield point, ultimate tensile strengt~and elonga-
tion of individual type of steel are plotted in Figs. 1 through 27.
Histograms for these three mechanical properties of the whole data
population are plotted in Figs. 28 through 30.
Nore than 1,400 measured thicknesses of steel sheets and strip
have been compared with the specified values. Results of the comparisons
are given in Table 2. Figures 31 through 36 are histograms for the
5thickness of each range of specified thickness of steel sheet and
strip. A histogram for the thickness of the entire data population is
given in Fig. 37.
The test values received for the yield point range from 23
to 81 ksi. The corresponding specified yield points ~ange ~hO~ 33
to 55 ksi. This ~ange covers the steels gene~al1y used for cold~formed
steel structural members. From Table 1, Figs. 1 through 9, and
Fig. 28, it can be seen that the mean tested value of yield points is
about 17 percent greater than the specified value and that the
coefficient of variation is about 0,10.
The test values for the ultimate tensile strength of the same
coupons range from 40 to ~06 kal. These values correspond to the
specified values that range from 45 to 75 ksi. From Table 1,
Figs. 10 through 18, and Fig. 29, it can be seen that the mean
value of tested to specified ultimate tensile strengths is
about 1.12 and that its coefficient of variation is about
0;07.
The data on ductility are measured by the permanent elongation
in a 2 in. gage length of a tensile coupon after fracture. The
values range from 10 to 44 percent. for the steels listed in the AlSI
Specification, the minimum elongations range from 15 to 21 percent.
Table 1 and the histograms in Figs. 19 through 27 and Fig. 30 show
that the mean tested value is about 40 percent greater than the specified
value and that the coefficient of variation is about 0.25.
The measured thicknesses of the base metal of steel sheets and
plates range from 0.015 to 1 in. An examination of the information in
Table 2 and of the histograms in Figs. 31 through 37 reveals that the
6mean value of the measured thicknesses is about 5 percent greater than
the ordered minimum values and that the coefficient of variation is 0.05.
The information presented above is reasonable for the mechanical
properties and thicknesses of steel sheets and strip and can be used for
the development of the load and resistance factor design criteria for
cold-formed steel structural members. The assumed values of yield point,
the ratio of ultimate tensile strength to yield point, and the coefficients
of variation of the yield point and thickness of steel sheet used in the
previous study appear to be justified,
Based on the statistical analyses discussed above, the following
values may be used for this project:
(ay)m = 1.10 F* Va = 0.10y'
Y
(a) = 1.10 Fu' Va = 0.08u m
u
(e1ong)m = 1. 40 Ce1ong)spec' Ve10ng = 0.25
(t)
m
in which a , a , e1ong, and t are actual values of yield point, ultimatey u
tensile strength, elongation, and thickness of steel sheet respectively,
and F , F , Ce1ong) , and t correspond to specified minimum values.y u spec s
*The mean value of (0) = 1.10F selected here is lower than the value
of 1.17F obtained i~ ~able 1 ftom the statistical analysis of the test
data. TKe reduced value is recommended on the basis of judgment to ac-
count for the facts that (1) the sample coupons were taken from the ends
of the coils and (2) tests were most likely Performed at the ASTM per~
missible maximum strain rate and thus the static value of F may be
less (Ref. 3). y
+The mean value of t is taken as the nominal value. This assumption is
considered to be appropriate because the statistical analysis indicates
that the mean value' of the measured thicknesses is about 5 percent
greater than the ordered value and that the recent revision of the AISI
Specification permits the delivered minimum thickness to be 95 pe~cent
of the design value.
11.2 PROCEPURES FOR CAL1aRATION OF DESIGN PROVISIONS
For the purpoae of facilitating the steps ~ed ~ t~e ~a~ipration
of the various provisions of the AISI Specification, the following
procedures have been formulated, and the calibrations in Articles 11.3
through 11.5 are based on the formulas derived herein.
The load and resistance factor design criteria can be expressed
in the following equation:
7
(2.1)
'lhe-right side of the equation represents the effec.ts of. a comb;i.,nat;lon
of dead load, D , and live load, L , whereas, the left side relates to
c c.
the nominal resistance, ~, of a structural member; YA' YD, and YL are
load factors associated with the structural analysis, dead load, and
live load, respectively; ¢ is the resistance factor, and cD and cL are
deterministic influence coefficients, which transform the load
intensities to load effects.
The resistance of a structural member is assumed to be of
the following form:
R = R ME'P
n
(2.2)
in which M, F, and P are dimensionless rando~ variables reflecting the
uncertainties in the material properties (i.e., f y ' F , etc.),. u
the geometry of the cross-section (i.e., Sx' A, etc.),
and the design assumptions.
The mean resistance, ~, is
R =RMFP
m n m m m
(2.2a)
8In the above equation, M , F , and P are the mean values of M, F, and P,
m m m
respectively. The nominal resistance, R , should not be less than the
n
load effect multiplied by an appropriate factor of safety, SF. i.e.,
R > (SF) (cDD + cLL ) (2.3)
n - c c
in which, D and L are the specified dead and live loads. Therefore,
c c
Eq. (2.2a) can also be written in the following form by substituting
Eq. (2.3) for R :
n
R = (SF)M F P (cDD + CLLc )m mmm c (2.4)
By using the first order probabilistic theory and assuming that
there is no correlation between M, F,and r, one ~inds that the coefficient
of variation of the resistance is
(2.5)
in which VM, Vr , and Vp are coefficients of variation of the random
variables M, F,and P, respectively.
The mean load effect,~,for a combination of dead and live
loads is assumed to be of the form
A (cDC D + cLB L )m mm mm (2.6)
in which A is a mean value of a random variable representing the
m.
uncertainties in structural analysis, and Band C are mean valuesm m
of random variables reflecting the uncertainties in the transforma-





Z 1.0 and cD = eL, the eoefficient of
variation of load effects, VQ, is
9(2.7)
In this equation, VA' YC' YD, VB' and VL are coefficients of variation
associated with the uncertainties in the structural anlaysi~ dead and
live load random variables A, C, D, B, and L, respectively. If one
assumes that the mean dead load, D , is equal to the specified value
m
D(D =D ) and the mean live load, L , is equal to the specified live
c m c m
load L (L = L )(2) Eq. (2.7) can be written in the following form:
c m c '
(D /L )2(y2+V2)+(V2+v2)
c c C D B L
(D IL )2+2(D IL )+1
c c c c
(2.8)
In the application of Eq. (2.8), the following assumed values
of coefficients of variation of load effects were taken from the
revised First Progress Report:(2)
VA = 0.05
Vc = 0.04, VD = 0.04 (2.9)
In this approach, the structural safety, which is represented
by a safety index, ~, measures the reliability of the member.
This safety index can be determined on the basis of statistics of
resistance and load effects:
10
(2.10)
Once the safety index is selected, the resistance factor and
load factors can be determined by using the following equations:
R
ep m (-a{3VR)= - exp (2.11)Rn
YA = exp (a{3VA) (2.12)
YD = 1 + a{3 I v~ + V~ (2.13)
YL = 1 + a{3 I V2 + V2 (2,14)B L
in which a may be taken as 0.55. (3)
In summary, the procedures for calibrating design provisions
usually consist of the following five steps:
(1) Analyze the available information to obtain statistical
values on resistance and load effects by using Eqso (203) through
(2.8).
(2) Assume values of mean and coefficient of variation of the
va.riab les for which no stat ist ical informat ion is availab le 0
(3) Compute the safety index based on Eq. (2 0 10).
(4) Select the safety ~ndex ~.
(5) Derive the resistance and load factors [Eqso (2011)
through (2.14)] by using the selected safety index.
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11.3 CALIBRATIO~ O~ THE AISI DESIGN PROVISIO~S
O~ UNSTI~fENED COMPRESSIO~ ELEMENTS
11.3.1 AISI Specification Desi$n Provisions on Unstiffened
Compression Elements







in which E is the modulus of elasticity~ ~ the Poisson's ratio), wit the
flat-width ratio~and K a buckling coefficient~ which may be equal to 0.5
for the case of an unstiffened compression flange. This critical
stress~ as a function of w/t~is shown by the curve C in Fig. 38. If
the steel exhibits sharp yielding and an unstiffened compression
element is ideally plane~ the horizontal line~A~drawn at the yield
point would represent the upper limit to the buckling stress. However~
such ideal conditions may not exist~ and an element with a moderate wit
ratio may buckle below the theoretical elastic buckling stress.
Line B represents those stresses at which sudden and
pronounced inelastic buckling occurred in the tests. The limit
at which failure occurs by yielding rather than buckling
depends on F. This limit is specified as (w/t)l' 1 63.3/~.y ~ y
The specified limit for inelastic buckling is (w/t)lim 2 = 144/~.
for steel with a high yield point~ there is a third region from (w/t)lim 2
to wIt = 25 in which elastic buckling according to Eq. (3.1) is assumed
to constitute the limit of structural usefulness.
12
At present~the AlSI Spec~flcatlon uses allowable stresses for
unstiffened compression elements, ~or the range of wit from 0 to 25,
the allowable stresses are determined by the maximum. stresses for which
a safety factor of 1.67 is used. This results in the following allowable
stresses given ~n Sections 3,2 (~~ (b), and (c) of the AISI Specification:
(a) For wit ratio not greater than 63.31;r-:y
(3.2)
(b) for wit ratio greater than 63.3/~ but not greater thany
l44/!F:y
F ~ F [0.767-(2.64/103)(w/t)!FIc y. y (3.3)




For unstiffened elements with wit ratios between 25 and 60, curve
D has been drawn on the basis of Eq. (3.5) which represents the ultimate
strength of the element. (4)
b = O. 8t j f E II-O. 202 ~ j f E ]
max max.
(3.5)
where b is the effective design width and f max is the edge stress.
In order to prevent excessive distortions from occurring at
service loads, a straight line has been 8hosen as the allowable stress
for all sections other than angles as specified in Section 3.2(d):
(d) For wIt ratio from 25 to 60,
For all other sections:







11.3.2 Calibrat~on of Section 3,2(a), (b), and (c) of the Current
A1S1 Specification
A calibration has been made for simple beams having unstiffened
compression flanges by using the design provisions included in the
1968 Edition of the AISI Specification,
In this study, the following mean values and coefficients of
variation for materials and fabrication have been used. The values of
~ and VM were taken from Article 11.1 of this report. f m and VT? are
assumed values.
(3.8)
The mean resistance of a beam having an unstiffened compression
flange can be determined as follows:
R =RMfP








Eq. (3.9) can be rewritten as given in Eq. (3.11).
(3.11)
The coefficient of variation of the resistance can be computed
by Eq. (3.12), i.e.
v ;::; IV2 + V2 + V2
R "M f P
;::; 1(0.'10)"2; '(0.06)2 + V; (3.12)
14
The values of Pm and Vp used in Eqs, (3.11) and (3.12) have been
generated from the comparisons of the tested ultimate moments, (M) ,
u t
and the predicted ultimate moments of beam members. In the evaluation
of the test data, the beam members have been subdivided into three
categories according to the compactness of their unstiffened compression
flanges. They are
(a) wit ~ [(w/ t)liml = 63.311Fy l
(b) (w/t)liml < wit < 25
(c) wit> 25
According to the actual wit ratio of the unstiffened compression
flange, the predicted ultimate moment of a given beam can be determined
by Eq. (3.13).
(M ) 1 = S OF (1.67)
u p x c (3.13)
in which SxO is the section modulus on the basis of full section area,
and F is the allowable compression stress computed by Eq. (3.2),
c
(3.3), (3.4) or (3.7) whichever is applicable.
For the case of wit 6 (w/t)liml' only three test results have
been collected from the available research reports. Details of these
three beams and the ratios of (Mu)t/(~)pl are given in Table 3a. In
addition, the mean value and the coefficient of variation of the
(Mu)t/(Mu)pl ratios which are denoted by Pm and Vp ' respectively, are
given in the same table.
15
For the case of wit ratio larger than (w!t)liml but less than 25,
the results of 24 beam tests have been collected and analyzed. Details
of these tests and values of P and Vp are given in Table 3b.m
In the similar manner, 28 test results for the beams having
wit ratios exceeding 25 are presented in Table 3c.
Similar evaluations have been carried out for the results of stud
column tests except that for this case the mean value of the professional
factors ~ determined by the (Pu)t/(Pu)pl ratios, in which (Pu)t is the
failure load of stud columns obtained from tests and (P ) 1 is computed
u p
by Eq. (3.14).
*(P ) 1 = AOF (1.67)
u p c (3.14)
in which AO is the full area of the cross section and Fc is the
allowable compression stress. The results of stud column tests are
presented in Tables 4a, 4b, and 4c according to the range of wit ratios.
Table 5 summarizes the values of Pm and Vp derived fJ:om Tables 3 and
4 for both beam members and stud columns.
Following the establishment of Pm and Vp ' a substitution of Rm, VR
~ [Eq. (2.6)] and VQ [Eq. (2.7)] into Eq. (2.10) gives the values of B
for the members having unstifiened compression elements with wit ratios
greater than the (w!t)liml but less than 25. These values of Bare also
listed in Table 5 for D/L ratios from 0.1 to 3.0.
11.3.3 Calibration of Section 3.2(d) of the AISI Specification
The following selected data have been used in the calibration
of Section 3.2(d), which is applicable for wit> 25.
*The overall column buckling was not considered because the Llr ratio
on the basis of full area is less than 30.
16
~ =1.10, VM =0.10





the CM ) I(M ) 1 ratios for beams (Table 3),~u t . u p
of the (p ) ICP ) 1 ratios for stud columns
u t u p
coefficient of variation of the (~ ) I(~) ratios for
u t u p1
beams (Table 3), or coefficient of variation of (P )t/(P ) 1
u u p
ratios for stud columns (Table 4).
In the determination of P and Vp ' the values of C~) and CP )tm u t u
were taken from Refs. 5, 6, 9, and 10. The values of (~)pl and (Pu)pl
were computed from Eqs. (3.13) and (3.14) with the value of F
c
on the
basis of Eq. (3.7). These values of Pm and Vp are also listed in
Tables 3 and 4.
By using the same procedures applied to Article 11.3.2, the values of S
for the members having unstiffened compression elements with wIt > 25 can
be computed for various DIL ratios. They are also presented in Table 5.
11.3.4 Calibration of the Proposed AlSI Design Provisions on Unstiffenel
Compression Elements (Section 2.3.1.1)
Recent research at Cornell University(5,6,7 ,8;11) on the unstiffened
compression elements has shown both analytically and experimentally
that the effective width approach can be used for both stiffened and
unstiffened elements, particularly for large wit ratios and high yield
point steels. The revision of Section 2.3 of AISI Specification was
proposed by Pekoz(ll) who recommended that the followi,ng effective
width equation be used for the desi,gn of both stHfened and unstiffened
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compression elements with wit ratios larger than 85.6//q




This is a generalized form of the AISI effective width formulas being
used in the 1968 Edition of the Specification.
In Eq.(3.l5), wIt ~ flat~width ratio, b = effective design width,
q = flK, f = actual stress in the compression element computed on the
basis of the effective design width, and K = plate buckling coefficient,
which is determined by rational analysis. In lieu of such an analysis,
K may be assumed to be 4 for stiffened elements and 0.5 for unstiffened
elements.
In the calibration, the tested ultimate moments for beams and the
tested failure load for columns were obtained from Ref. ~ 6, 9 and 10.
The predicted ultimate moments, (M ) 2 for beams and the predicted
u p
failure loads (Pu)P2 for columns were computed as follows:
(M ) 2u p S IFx y (3.16)
(3.17)
in which (M ) 2 = predicted ultimate moment of a beam having an
u p
unstiffened compression flange.
(P) = predicted failure load of a stud column having
u p2
unstiffened compression flanges.
Sxl = section modulus about x-axis calculated on the basis
of the effective design width of the compression
flange. The effective width is computed by Eq. (3.15)
using K = 0.5.
A = effective area of the cross section.
eff
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F = yield point of steely
F
al = allowable average comoression stress under concentric
loading. F
al can be computed by Eq. (3.18)
(3.18) 19
In the above equation, K is the effective length factor, L is
the unbraced length of a member and r is the radius of gyration of the
effective cross-section computed by load determination effective width
equation at stress F
a1 . The reason of using Eqs. (3.17) and (3.18) to
compute the failure load, P , is because in the proposed revision of
u
Section 3.6.1 of the AISI Specification the radius of gyration is to
be computed for the effective areas of both stiffened and unstiffened
elements. As a result, the KL/r ratios of some test specimens were
found to be larger than 30. These tested and predicted ultimate moments
and failure loads are listed in Tables 3 and 4. The mean values of
professional factor, Pm' and their coefficients of variation, Vp ' for the
unstiffened compression elements are also listed in Table 5.
The mean value of the resistance, R , and the coefficient of
m
variation, VR' have been computed by Eqs. (3.9) and (3.12), while the
mean value, Qm' and the coefficient of variation, VQ' have been





' Qm' and VQ into Eq. (2.10) gives the values of ~ for the
unstiffened compression elements for various niL ratios. These values
are also tabulated in Table 5.
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11.4 CAL1BRAl10N or lHB AISI DESIGN PROVISIONS
ON BOLTED CONNECTIONS
11.4.1 Introduction
The objective of this Article is to show how the a~fety i~dex for
various cases of bolted connections can be determined. Determination of
the resistance factors depends on a safety ind~which is obtained
from the calibration of the current design provisions on bolted
connections (1) . The calibration utilizes the procedures developed
in Article 11.2 and the test data available in literature. (12-21)
The info~ation available on the strength of bolted connections
for hot-rolled steel is not always applicable to cold-formed steel.
The structuEul behavior of bolted connections in cold-formed steel
construction is somewhat different from that of conventional heavy
construction, mainly because of the small ratio of sheet thickness
to bolt diameter and the variability of steels.
As a general rule of the AIS1 Specification, all connections
should be designed to transmit the maximum load in the connected
members; thus, connections should have a higher reliability than
the members they connect.
11.4.2 A1S1 Specification Design Provisions on Bolted Connections
The previsions included in the A1S1 Specification for the design
of bolted connections are based on numerous tests in which unfinished
d (12 ,13) Th " f S . 4 5and high strength bolts were use . e prOV1S10ns 0 ect10n •
of the A1S1 Specification safeguard against the four types of failure
observed in these tests, The safety factors used in the derivation
of the allowable stresses are 2.2 or larger.
20
(a) Longitudinal Shearing of Steel Sheet
When the end distance and the clear distance between bolts in
the direction of force are relatively small, connections usually
fail along two parallel lines in the longitudinal shearing of the sheet.
This failure occurs at a shear stJ;'ess of 0,7 F , i.e., at a total loady
of r = (2) (0.7) (teF ), in which e is the distance from the center of a
u y
bolt to the end of the connection member towards which the contact force
of the bolt is directed. (12) Hence,
:P = 1.4 etF •
u y (4.1)
It is specified in Section 4.5.1 that the edge distance shall not be less
than :P/(O,6 F t). The safety factor therefore is 1.4/0.6 = 2.33.y
(b) Bearing or :Piling Up of Steel Sheet
When the end distance "e" or the clear distance between multibolts
in line of stress is larger, failure may occur by having the material
pile up in front of the bolt at a bearing stress of 0b (12);
(4.2)
Section 4.5.3 permits an allowable bearing stress of 2.1 F .
Y
Therefore,the safety factor in Section 4,5.3 is 4.8/2.1 = 2.28.
(c) Tearing of the Sheet in Net Section
In bolted connections, the type of failure, in which a sheet is torn
in the net section, is related to the stress concentration caused by
the presence of holes,and the concentrated localized force ~s t~ans~itted
by the bolt to the sheets. Connection tests(12~21) have indicated
that the plastic redistribution is capable of eliminating the stress
concentration even for low-ductility steel. However, if the stress
concentration caused by the localized force transmitted by the bolt
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to the sheet is pronounced, the strength of the sheet in the net
section is reduced for connections having relatively .
wide bolt spacing in the direction perpendicular to the transmitted
force. From the experimental eVidence, the following equations were
obtained:
when dis < 0.3
(J t = [1 ... 0.9 r + 3r ~] J: <; J:






In these equations, (J t = average failure stress on the net section, r =
ne
force transmitted by the bolt or bolts at the section considered divided
by the force in the member at that section,d = diameter of bolt, s =
spacing of bolts perpendicular to line of stress, and F
u
specified
tensile strength of the steel sheet. It is specified in Section 4.5.2
that the tension stress on the net section of a bolted connection should
not exceed 0.6 J: nor exceed (1.0 - 0.9r + 3r ~) 0.6 F when the ratio ofy s y
the specified minimum tensile strength to the specified minimum yield
strength is at least 1.35. Thus, the safety factor in Section 4.5.2 is
at least 1.35/0.6 = 2.25.
In Sections 4.5.1, 4.5.2, and 4.5.3 of the AISI Specification,
if the ratio of tensile strength of yield point is less than 1.35,
a stress equal to the specified minimum tensile strength of the
material divided by 1.35 should be used instead of F •Y
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(d) Shearing of the Bolt
Tests on bolted connections indicate that shear failure of the
bolts occurs at a stress of conservatively 0.6 times the tensile
strength of the bolt material. This shear stress is computed on the
root area of the thread. Section 4.5.4 specifies that the shear stress
on the gross cross-sectional area of bo1t~ under dead and live
loads should not exceed the following values: (a) for ASTM A307 bolts,
10 ksi, and (b) for ASTl1 A325 bolts, 22 ksi, when the threading is
excluded from the shear planes and 15 ksi when the threading is not
excluded from the shear planes.
11.4.3 Statistical Data and Mean Resistance
(a) Longitudinal Shearing of Steel Sheet
The mean resistance of steel sheet in longitudinal shearing is
R = M F P (1.4 etF ) •
-m m m m y
In this equation, e is the edge distance, t the thickness,
(4.5)
F the yield point of connected steel sheet, and M the meany m
value equal to [(F)t t/(F) if' d] ,which has been foundy es y spec ~e m
to be 1.10 in Article 11.1; F is assumed to be 1.00 and P equal to
m m
[(p ) /(p) d]' in which P is the failure load.
u test u pre m u
The following statistical data of the professional factor were obtained
from the tests(12-21) and Eq. (4.1):
Case 1. Single shear, single bolt, with washers (47 tests)
Pm = 1.13, Vp = 0.17
Case 2, Double ~hear, single bolt, with washers (50 tests)
Pm = 1.14, Vp = 0.19
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Case 3. S~ngle ahea~, a~ngle bolt, w~thout waahe~s (12 teata)
The ~equ~rement in the 1968 ALSI Spec~f~cation for the min~um
spacing and edge distance is equivalent to the following equation
1.4 etF = 2.33 (cpP +cLL ),y c c
in which Dc is the specified dead load (psi), Lc is the specified live
load (psf) , and cD and ~ are deterministic influence coefficients.
Therefore, the mean resistance becomes
M F P •~mmm (4.6)
(b) Bearing or Piling Up of Steel Sheet
The mean resistance of steel sheet is
R = M F P (4.8 tdF ),~mm~m y (4.7)
in which d is the nominal diameter of the bolt, and P is equal to
m
[(Ob)test/(Ob)pred]m' The values for (Ob)test were obtained from Refs. 12
through 21, and predicted values, (Ob) d' were computed from Eq. (4.2).pre •
The mean values and coefficients of variation of the professional factor
are:
Case 4. Single shear, single bolt, with washers (88 t~sts)
Pm = 0.91, Vp = 0.18
Case 5. Double shear, single bolt, with washers (25 tests)
Pm = 1.01, Vp = 0.22
Case 6. Single shear, single bolt, without washers (26 tests)
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The bearing stress on the are.a t .. d specified in the 1968 AISI
Specification should not exceed 2.1 r . Thus,y
4.8 td~ = 2.28 (cDD +cLL )Y c c
Therefore~ the mean resistance of steel sheet can be written as
follows:
R = 2.28 (e-D +cLL ) N f P
-m 1) c c m m m·
(c) Tearing of Sheet in Net Section
The mean resistance of the steel sheet is
R = M r P [(s-d)ta t]~
m m m til ne
(4.8)
(4.9)
in which s is the spacing of the bolts normal to the direction of force;
for a single bolt, it is the full width of connected sheet. The term a
net
represents the tension stress in the net section, which is defined in
Eqs. (4.3) and (4.4); M =1.10, F =1.00, and P =[«J" t)t t/(~ ) dJ.m m m ne es net pre m
Statistical values of the professional factor were obtained from the
experimental data given in Refs. 12 through 21, and the predicted
values were computed from Eqs. (4.3) and (4.4).
Case 7. Single shear, single bolt, high-ductility steel, with
washers (38 tests)
Pm = 1.00, Vp = 0.17
Case 8. Single shear, single bolt, lo~ductility steel, with
washers (22 tests)
Pm = 0.92 , VP = 0.25
Case 9. Double shear, single bolt, high-ductility steel, with
25
washers (31 tests)
Pm = 1.18, Vp = 0.22
Case 10. Double shear, single bolt, low-ductility steel,
with washers (27 tests)
Pm = 1.11, Vp = 0.14
Case 11. Multi-bolted connection with washers (21 tests)
Pm = 1.08, Vp = 0.14
The tension stress on the net section of a bolted connection
specified in the 1968 AISI Specification is
Therefore, the mean resistance of the connection is written as
follows:
MfP.~1n m m (4.10)
(d) Shearing of the Bolt




in which Lf is the ultimate shear stress, a f the actual ultimate tensile
stress, and F
u
the nominal ultimate tensile stress of the bolt material
The term ASA represents the stress area equal to the shank area if the
shear plane passes through the shank, and it is the root area if the
stress plane passes through the threads.
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The coeff~c~ent of var~at~on of the resistance, VR, used in
Eq. (2.5) contains three parameters, VX' VF, and V~ as shown below.
(4.12)
In v~ew of the fact that a combination of the variation of the bolt
material properties, VX' and the design assumptions, V~, can be
considered to be
:::
the value of Va can be computed as follows:
I 2 2 2VR ::: VT /0 + Vcr IF + 0,05f f f u
In the above equation, the value of VF is assumed to be 0.05 to reflect
the tolerance of the cross-sectional area of the bolt.(3)
The mean values and coefficients of variation of t~e ratios of
Tf/af and af/Fuwere computed on the basis of the test data given in Refs. 12
through 21. They are listed in Table 6b for the following three cases
Case 12. Double shear, single bolt, with washers, ASTM A307
bolts (19 tests)
Case 13. Single shear, single bolt, with washers, ASTM A307
bolts (44 tests)
Case 14. Single shear, single bolt, with washers, ASTM A325
bolts (100 tests)
Also listed in Table 6b are the computed values of YR'
The shearing strength of a bolt according to the 1968 A151 Speciii-
cation can be computed as follows:
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in which AG is the gross area of the bolt and Fv is the allowable shearing
stress specified in the 1968 AISI Specification for the two types
of bolts (ASTM AJ07 and ASTM A325 bolts). Therefore, the mean shear
resistance of the bolt is
R
m
T (J A F(~) (--!:) (SA) (~) ( + )= U A ~ cDDc. cLLc 'crf m "'u m G "'v (4.13 )
11.4.4 Calibration of Section 4.5 of the AlSI Specification
The calibration of Section 4.5 includes the 14 cases listed
above. It follows the procedures presented in Article 11.2.
The mean values and coeffic~ents of variation of random variables
reflecting the uncertainties in material properties, fabrication, and
design assumptions are listed ~n Table 6. The ~ean values and coef-
ficients of variation of random variables reflecting the uncettainties
in load effects were taken from the First Progress Report. (2)
Insertion of ~, VR' ~ IEq. (2.6)], and VQ [Eq. (2.7)] into
Eq. (2.10) gives the safety index, S. The values of S for various
cases of bolted connections are listed in Table 7 for D/L = 0.10 to 3.0.
The ab,we calibration was based on the 1968 Edition of the AISI
Specification. Because a revision of Section 4.5 of the Specification
is being considered by the AISI Advisory Committee, it is expec.ted
that an additional study of bolted connections will be made at a
later date.
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11.5 CALIBRATION O~ THE AISI DESIGN PROVISIONS
ON WELDED CONNECTIONS
II. 5 .1 General
The purpose of this Article is to show how the A~SI p~ovisions
on welded connections are calibrated on the basis of available test data.
Section 4.2 of the AISI Specification contains two types of welds:
fusion welds and resistance welds.
Section 4.2.1 provides for thxee ranges of the yield point of steel
and for three classifications of the electrodes E60, E7Q, and E8Q. The
allowable shear stresses for the fillet welds using these three
electrodes are 13.6 ksi, 15.8 ks~ and 17.7 ksi, respectively. Stresses
in a fillet weld should be considered as shear on the throat for any
direction of the applied stress.
Section 4.2.2 gives the allowable shear strength per spot, depending
on the thickness of the thinnest connected sheet on the basis of
AWS "Recommended Practice for Resistance Welding". (23) Values for
intermediate thicknesses may be obtained by straight line interpolation.
11.5.2 Calibration of Section 4.2.1 of the AISI Specification





n m m m FE m w Exx
xx
(5.1)
in which 1 is the ultimate shea~ stre$s of the weld ~etal and ~Exx is the
u
nominal tensile stress of the weld metal. The term Aw represents
the effective throat area of the weld.
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The coefficient of variation of the resistance, Va' defined by
Eq. (2.5), contains three parameters, VM' VF ' and Vp as shown below.
(5. 2 )
In view of the fact that a combination of the variation of the weld
material properties, VM:' and the design assumptions, Vp ' can be
considered to be
= VT IF '
u Exx
(5.3)
the value of Va can be determined by Eq. (5.4)
Va = Iv; IF + (0.15) 2••
u Exx
(5.4)
In the above equation, the value of VF is assumed to be 0.15 to reflect
the variation of the length and area of fillet welds.
The following statistics are computed from the low-ductility steel




VT IF = 0.06
u Exx
v = /0.062 + 0.).5 2
a .
= 0.16
The design criterion for a load combination of dead and live
loads is
in which cD and cL are deterministic influence coefficients, and Dc and
L are specified dead and live loads. Therefore, the mean resistance
c
of a fillet weld can be written as
R =
m





By using the procedures of Article 11.2 and inserting R [Eq. (5.5)]
m.
VR [Eq. (5.4)], ~ [Eq. (2.6)], and VQ [Eq. (2.7)] into Eq. <.2.LO)~
the values of S can be computed. For example, for D/L = 0.10 to 3.0,
the range of S extends from 2.75 to 3.46. The numerical value of S
at D/L = 1/3 is 2.96.
11.5.3 Calibration of Section 4.2.2 of the AISI Specification
The mean resistance of the shear strength of the resistance welds
(per spot of weld) is
R = S = (M F P )S
m m mmm n
(5.6)
in which S is the nominal shear strength per spot of resistance welds
n
(spot or projection weld), ~ the mean value of the materiaL factor,
which is taken to be 1.10 as di~cussed in Article 11.2, fro the me~n
value of the fabrication factor assumed to be equal to unity, and P
m
the mean value of the professional factor reflecting the uncertainties
in the design assumptions. The mean value of P was found to be 1.01
by using the following formula:
~n which the values of (S)test were obtained from Refs. 23, 24, and 25,
and the values of (S) d were computed from the AISI design provisionspre
on resistance welds (Section 4.2.2) with a safety factor of 2.5.
The tested and predicted shear strengths per spot of resistance welds
are presented in Table 9.
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By using a safety factor of 2.5, the mean resistance of the
shear strength of the resistance welds can be computed as follows
IEq. (2.4)]:
R =MFPR
-1n m m m n
The coefficient of variation of the resistance, VR, is
in which VM is the variation of the material properties, which may be
taken as 0.10. The variation of the fabrication of the weld spot,
VF , is assumed to be 0.10, and the variation of the design assumptions,
Vp ' computed from statistics is 0.05. Thus,
= 0.15.
The mean value, Q
m
' and the coefficient of variation, VQ, can
be computed from Eqs. (2.6) and (2.7) in terms of the ratios of niL.
Insertion of l\n' VR, ~, and VQ into Eq. (2.10) gives the values of ~.




During the period of June through September 1976, the research
activities on load and resistance factor design of cold-formed steel
included: 1) statistical analyses of test data versus specified
values on mechanical properties and thicknesses of steel sheet and
strip, 2) calibrations of the current and proposed AISI provisions
on unstiffened compression elements, and 3) calibrations of the AISI
provisions on bolted connections and welded connections.
The initial research findings were presented in the first draft
of the Second Progress Report dated November 1976. Following the
January 6, 1977 meeting of the AISI Task Group on Load and Resistance
Factor Design, additional studies have been conducted on the
statistical analyses of mechanical properties and thickness of steel.
In addition, the calibration of the AISI design provisions for
unstiffened compression elements has been substantially revised
by adding more test data on beams and stud columns. This revised
report also reflects the comments and suggestions made by members
of the Task Group and the written comments received from Dr. Winter.
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III. fUTURE STUDY
With regard to future study, it is planned to continue the work
according to the time schedule presented in the proposal. (26)
The calibrations of the ALSI design provisions on bolted
and welded connections were carried out prior to the completion of
the study of flexural and compression members because a considerable
amount of test data were available.
In the near future, it is planned to calibrate the following
subjects:
1) Lateral buckling of beams
2) Axially loaded compression members
3) Combined axial and bending stresses
It should be noted that the findings presented in this report
and the First Progress Report are based on the preliminary studies
carried out on several subjects with a ltmited number of test data. In
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V. APPENDIX: Notation





Effective area of cross section
Gross area of bolt
Mean of random variable A
Full area of cross section
Stress area of bolt
Effective area of throat of weld
Random variable reflecting the uncertainties in the transforma-
tion of live loads into live load effects
B Mean of random variable B
m
b Effective design width
C Random variable reflecting the uncertainties in the transforma-
tion of the dead loads into dead load effects
C
m
Mean of random variable C
Deterministic influence coefficients translating load
intensities to load effects; subscripts D and L denote
dead and live loads, respectively
D Random variable characterizing dead load
D Specified dead load intensity
c
D Mean value of random variable D
m
d Diameter of the bolt
E Seismic load or modulus of elasticity
e Edge distance measured from the center of the hole to the end
of the connecting member




F Random variable representing uncertainties in fabrication
F
al Allowable average compression stress under concentric loading
F Maximum allowable compression stress on unstiffened element
c
FExx Specified ultimate tensile strength of weld metal
F Mean value of random variable F
m
F Specified ultimate tensile strength of steel sheet or bolt
u
F Allowable shear stress of bolt, according to AISI Specification
v
F Specified yield point of steely
f Actual stress in compression element computed on the basis
of effective design width
K Plate buckling coefficient
L Random variable characterizing live load
L Specified live load intensity
c
L Mean value of random variable L
m












Mean value of random variable M
Ultimate moment
Predicted ultimate moment of a beam
Tested ultimate moment of a beam
Random variable reflecting the uncertainties in design
assumptions
Mean value of random variable P
Ultimate failure load
Predicted failure load of a stud column
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(Pu)t Tested failure load of a stud column
Q Load effect
~ Mean value of Q
q flK ratio
R Member resistance
R Mean resistance of a structural member
m
Ru Nominal resistance of a structural member
r Bolt force ratio
S Shear strength per spot of resistance weld
SF Factor of safety
S Section modulus about x-axis based on the full area of cross
xo
section
Sxl Section modulus about x-axis calculated on the basis of the
effective design width of the compression flange
s Spacing of fasteners
t Base steel thickness
t Specified base steel thickness
s
V Coefficient of variation, subscripts denoting various types
according to load, material, fabrication, resistance, etc.
w Flat width of an element exclusive of fillets
a Constant in square root approximation equal to 0.55
~ Safety index
y Load factor
YA Load factor accounting for uncertainties of structural analysia
YD Dead load factor














Bearing stress of the bolted connections
Elastic critical local buckling stress of a compression element
Ultimate tensile strength of a bolt
Average tensile stress at failure of bolted connection
Ultimate tensile strength of steel sheet (measured value)
Yield point of steel sheet (measured value)
Ultimate shear strength of a bolt
Ultimate shear strength of weld metal (measured value)
Table 1
Statistics on
Mechanical Properties of Steel Sheets and Strip
Specified Values Measured value/Specified value No. of tests
used inType of Steel F Fu E1ong. J!y Fu E1ong. the analysis(k~i) (ksi) % mean COy mean coy mean COY
A 33 45 20 1.13 0.10 1.17 0.06 1. 70 0.1;1. 453
B 33 48 22 loll 0.06 1.05 0.03 1.29 0.06 32
c 40 55 16 1.17 0.09 1~13 0.08 1.76 0.;1.5 869
D 42 55 20 1.16 0.06 1.12 0.05 0.94 0!15 603
E 42 55 22 1.26 0.09 L09 0.06 1.31 0.12 954
F 42 60 22 1.22 0.15 1~22 0!15 1.11 0.21 34
G 48 55 20 1.10 0.07 1.11 0.03 1.23 0,11 220
H 50 70 15 1.12 0.09 1.09 0.08 1.48 0.17 654
I 55 75 15 1.10 0.10 1.09 0.09 1.48 0.16 437
33-55 I I I




Statistics on Thicknesses of Steel Sheets, Strip and Plates
Ranges of the Measured ThicknessOrdered Thickness No. ofOrdered Thicknesses Samples(in,) Hean Coy
Coated Steel Sheets, t s 0.025 in. 1.0585 0.0536 904
s
Uncoated Steel Sheet, t s<0.05 in. 1.0035 0.0410 51
Uncoated Steel Sheets, 0.05 in.~ts<O.lO in. 1.0782 0.0542 166
Uncoated Steel Sheets, 0.10 in.~ts<0.15 in. 1.0317 0.0389 57
Uncoated Steel Sheets, 0.15 in.~ts<0.25 in. 1.0382 0.0535 94
Uncoated Steel Sheets, ts~0.25 in. 1. 0197 0.0334 164




Comparison of Tested and Predicted Ultimate Moments of Cold-Formed Steel Beams
Having Unstiffened Compression Flanges, wit ~ (w/t)liml
(wit) lim! F (M)p1 (Mu)t (Mu)t Source forSpecimen wit y
(ksi) (in.-kips) (in.-kips) (Mu)p1 test data
B-11 7.7 8.93 50.2 18.27 24.90 1.3631 Ref. 5
B-18 7.9 10.89 33.8 16.54 23.50 1.4204 "
B-17 10.3 10.89 33.8 19.14 24.90 1.3011 "
Mean :Pm = 1.3615
Coefficient of variation Vp = 0.0438





Comparison of Tested and Predicted Ultimate Moments of Cold-Formed Steel Beams
Having Unstiffened Compression Flanges, (w/t)lim1 < wIt ~ 25
(w/t)lim1 F (M )* (M )** (Mu \ (Mu \ (Mu)t Source forSpecimen wit y u pI u p2
(ksi) (in. -kips) (in.-kips) (in.-kips) (Mu ) pI (M)p2 test data
B-10 10.52 8.93 50.20 32.1 21.6 25.7 1.2492 1.1895 Ref. 5
B-16 12.74 10.89 33.80 31.4 22.2 25.8 1.2184 1.1629 "
B-9 13 .26 8.93 50.20 34.2 23.1 27.0 1. 2681 1.1683 "
B-15 14.07 10.89 33.80 39.5 32.1 34.4 1.1469 1.0717 "
16-1-1 16.21 10.43 36.80 41.6 25.3 30.8 1.3512 1.2145 Ref. 9
16-1-3 16.32 10.43 36.80 39.9 25.9 30.5 1.3113 1.1775 "
16-1-2 16.40 10.43 36.80 40.7 25.7 30.6 1.3281 1.1915 "
B-14 16.65 10.56 35.90 37.3 34.9 34.7 1.0760 0.9954 Ref. 5
B-8 16.82 8.93 50.20 33.6 23.3 26.4 1.2729 1.1315 "
18-1-3 19.07 10.72 34.90 73.0 68.6 64.8 1.1264 0.9452 Ref. 9
14-1 1/2-3 19.24 10.36 37.30 94.6 112.4 94.3 1.0033 0.8342 "
14-1 1/2-1 19.32 10.36 37.30 115.3 113.2 104.4 1.1039 0.9223 "
B-7 19.44 8.84 51.30 31.6 24.7 25.8 1.2264 1.0433 Ref. 5
B-13 19.50 10.56 35.90 62.2 46.8 51.2 1. 2144 1.0940 "
18-1-1 20.20 10.72 34.90 75.8 67.6 64.8 1.1702 0.9583 Ref. 9
18-1-2 20.29 10.72 34.90 66.3 66.4 59.9 1.1057 0.9030 "
16-1 1/4-3 20.35 11.08 32.60 60.7 72.8 74.3 1.2248 1. 0211 "
16-1 1/4-2 20.58 11.09 32.60 60.8 73.2 67.0 1.1016 0.9146 "
16-1 1/4-1 20.82 11.09 32.60 59.7 72.3 67.5 1.1303 0.9335 "
B-12 21.24 10.56 35.90 61.5 47.1 50.6 1.2154 1.0754 Ref. 5
B-6 23.71 8.84 51.30 45.1 45.7 52.4 1.8147 1.1476 "
16-1-1/2-1 23.96 10.18 38.70 35.3 32.2 29.0 1. 2145 0.9026 Ref. 9
16-1 1/2-3 24.00 10.18 38.70 38.0 32.5 30.2 1.2554 0.9308 "
16-1 1/2-2 24.51 10.18 38.70 55.9 31.9 35.8 1.5639 1.1208 "
Mean ;p = 1.2372 1.0439
Coefficient of variation JII, 0.1082Vp = 0.1322
*(M ) 1 was computed on the basis of Sections 3.2(b) and (c) of the AISI Specification .j;:'-w
u P
**(M ) 2 was based on the proposed changes. See Ref. 11.
u p
Table 3c
Comparison of Tested and Predicted Ultimate Moments of Cold-Formed Steel Beams
Having Unstiffined Compression Flanges, wit > 25
F (Mu)p1 (M)p2 (M)t (Mu)t (Mu)t Source for
wit ySpecimen (M)p1 (M)p2 test data(ksi) (in.-kips) (in.-kips) (in.-kips)
UP-9 25.97 42.00 19.9 30.4 36.9 1.8528 1.2119 Ref. 5
12-3-3 27.97 29.20 138.3 161.8 196.2 1.4183 1.2123 Ref. 9
16-1 3/4-1 28.73 32.60 57.7 79.4 70.0 1.2135 0.8822 "
16-1 3/4-2 28.86 32.60 56.7 78.3 69.8 1.2314 0.8920 "
16-1 3/4-3 29.07 32.60 57.6 79.5 75.6 1.3127 0.9506 "
18-1 1/2-2 29.45 34.90 47.8 71.3 69.8 1.4597 0.9800 "
B-5 29.78 51.30 26.9 46.7 52.3 1.9422 1.1207 Ref. 5
18-1 1/2-3 29.89 34.90 46.0 69.1 60.1 1.3077 0.8702 Ref. 9
14-2 1/4-1 30.06 37.30 80.0 122.3 121.8 1.5214 0.9961 "
18-1 1/2-1 30.14 34.90 48.8 71.2 66.4 1.3593 0.9054 "
14-2 1/4-3 30.29 37.30 79.5 121.6 118.5 1.4946 0.9771 "
UP-10 32.09 36.00 8.4 12.7 14.3 1. 7120 1.1259 Ref. 5
B-4 36.87 51.00 25.6 46.3 54.3 2.1204 1.1738 "
UP-11 38.05 36.00 7.7 12.9 15.5 2.0062 1.2048 "
14-3 1/4-1 41.01 28.20 80.3 113.4 118.4 1.4741 1. 0441 Ref. 9
14-3 1/4-3 42,77 28.20 73.9 109.2 160.0 2.1663 1.4660 "
14-3 1/4-2 43.36 28.20 71.2 106,9 158.0 2.2205 1.4789 "
B-3 44.47 53.80 32.7 74.6 81.2 2.4857 1.0881 Ref. 5
16-2 1/2-3 44.67 35.10 46.9 91,5 89.5 1.9098 0,9778 Ref. 9
16-2 1/2-2 45.09 35,10 46.4 91.5 80.3 1.7321 0,8772 "
12-5-2 46.73 29.20 112.4 178.3 187.2 1.6657 1. 0498 II
16-2 1/2-1 47.01 35.10 41.2 86.9 80.3 1.9484 0,9237 "




F (Mu)~l (M ) ** (Mu)t (Mu)t (M)t Source for
wit y u p2Specimen (Mu) pI (Mu)p2 test data(ksi) (in.-kips) (in.-kips) (in.-kips)
16-3-1 52.08 32.60 37.5 88.9 85.8 2.2899 0.9652 Ref. 9
16-3-2 52.69 32.60 35.8 57.3 80.3 2.2431 0.9191 11
16-3-3 52.96 32.60 35.1 80.8 81.2 2.3132 0.9349 "
Mean PfD, = 1. 7638 1.0435
Coefficient of variation Vp = 0.2134 0.1572
*(~ ) 1 was computed on the bas~s of Section 3,2(d) o~ the AISI Spec~fication.u p




Comparison of Tested and Predicted Failure Loads of Cold-Formed Steel Stud Columns
Having Unstiffened Compression Flanges, wIt ~ (w/t)l'~ml
(w/t)liml F (P )* (P)t (P)t Source forSpecimen wit y u pI
(ksi) (kip) (kip) (Pu)p1 test data
12-1-1 6.48 10.64 35.40 26.47 29.7 1.1218 Ref. 10
12-1-2 6.48 10.64 35.40 26.47 27.8 1.0501 "
12-1-3 6.48 10.64 35.40 26.47 25.5 1.0765 "
Mean Pm = 1.0828
Coefficient of variation Vp IF 0.0335




Comparison of Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Having Unstiffened Compression Flanges, (w/t)lim1<w/t~25
(w/t) 1iml F (P >*1 (P )** (Pu)t (P)t (P ) Source forSpecimen wit y u p u p2 u t
(ksi) (kip) (kip) {kip) (P)p1 (Pu)p2 Test Data
12-2-1 15.80 10.67 35.40 36.58 39.44 40.50 1.1071 1!0269 Ref. 10
12-2-2 15.80 10.67 35.40 36.58 39.44 43.00 1,1754 1,0903 "
12-2-3 15.80 10.67 35.40 36.58 39.44 39.60 1,0825 1.0041 "
UD-11 16.24 9.78 41.90 19.40 22.22 24.65 1,2706 1.1094 Ref. 6
16-1 1/4-1 16.37 10.78 34.50 17.11 18.46 16.70 0.9759 0.9047 Ref. 10
16-1 1/4-2 16.37 10.78 34.50 17.11 18.46 15.90 0.9291 0.8614 "
16-1 1/4-3 16.37 10.78 34.50 17.11 18.46 15.30 0.8941 0.8289 "
14-1 1/2-1 16.78 9.01 49.40 28.50 31.48 32.70 1,1472 1,0388 "
14-1 1/2-2 16.78 9.01 49.40 28.50 31.48 31.00 1,0676 0.9848 "
14-1 1/2-3 16.78 9.01 49.40 28.50 31.48 30.00 1.0525 0.9531 "
18-1-1 18.83 10.86 34.00 9.99 11.02 11.00 1.1014 0.9978 "
18-1-3 18.83 10.86 34.00 9.99 11.02 10.40 1. 0413 0.9434 "
UD-21 20.55 9.78 41.90 18.17 22.73 25.85 1.4229 1.1376 Ref. 6
20-1-1 24.14 10.86 34.00 6.50 7.83 6.43 0.9886 0.8215 Ref. 10
20-1-2 24.14 10.86 34.00 6.50 7.83 6.43 0.9886 0.8215 "
20-1-3 24.14 10.86 34.00 6.50 7.83 6.23 0.9579 0.7959 "
16-1 3/4-1 24.53 10.78 34.50 15.58 18.62 17.00 1.0909 0.9132 "
16-1 3/4-2 24.53 10.78 34.50 15.58 18.62 18.60 1,1936 0.9991 "
16-1 3/4-3 24.53 10.78 34.50 15.58 18.62 15.00 0.9626 0.8058 "
UD-31 24.86 9.78 41.90 14.75 23.06 27.05 1,8340 1.1734 Ref. 6
Mean Pm = 1.1152 0.9606
Coefficient of Variation Vp = 0.1300 0.1173
-
*(Pu)p1 was computed on the basis of Sections 3.2(b) and (c) of the AISI Specification.




Comparison of Tested and Predicted Failure Loads of Cold-Formed Steel Columns
Having Unstiffened Compression F1ange6, w/t>25<
F (Pu> p1 (P)p2 (pu)t (pu)t (pu)t Source forSpecimen wit y (pu) p1 (P)P2 Test Data(ksi) (kip) (kip.) (kip.)
13-3-1 25.02 35.40 43,94 55.85 60.00 1.3656 1.0743 Ref. 10
25.02 35.40 43.94 55.85 62.40 1.4202 1.2109 "13-3-2
25.02 35.40 43.94 55.85 69.60 1.5841 1. 2461 "13-3-3
14-2 1/4-1 26.66 49.40 20.09 31.26 30.70 1.5279 0.9820 "
14-2 1/4-2 26.66 49.40 20.09 31.26 32.20 1. 6025 1. 0300 "
14-2 1/4-3 26.66 49.40 20.09 31.26 29.40 1.4632 1.0211 "
UD-41 29.17 41.90 14.38 23.29 27.44 1. 9078 1.1783 Ref. 6
SC-V1 29.74 33.18 9.74 13 .35 15.11 1.5509 1.1317 Ref. 5
29.76 31.05 10.22 13 .23 14.30 1.3989 1.0806 "SC-V2
18-1 1/2-1 29.98 34.00 8.79 11.21 11.00 1.2515 1.9809 Ref. 10
18-1 1/2-2 29.98 34.00 8.79 11.21 11.05 1.2572 0.9854 "
18-1 1/2-3 29.98 34.00 8.79 11.21 11.20 1.2743 0.9987 "
SC-IV2 34.98 30.50 8.96 12.22 13.99 1.5616 1.1445 Ref. 5
SC-IV1 35.25 31.29 8.78 12.26 14.31 1. 6290 1.1673 "
14-3 1/4-1 40.37 49.40 22.48 37.89 43.00 1.9127 1.1350 Ref. 10
14-3 1/4-2 40.37 49.49 22.48 37.89 44.00 1. 9572 1.1614 "
14-3 1/4-3 40.37 49.40 22.48 37.89 42.00 1.8682 1.1086 "
SC-IIIl 42.93 31.29 10.26 17.52 19.79 1. 9294 1.1292 Ref. 5
SC-III2 42.95 3~ .11 9.02 15.34 17.44 1. 9344 1.1371 "
16-3-1 43.29 34.50 16.57 25.03 25.00 1.5088 0.9988 Ref. 10
43.29 34.5016.57 25.03 25.00 1.5088 0.9988 "16-3-2




,(J?) ;1 -(P )** (P)t
-
(P)t {P)tF Source forSpecimen wit y u p2
(kst) (kip) (kip) (kip) (J?u) pI (Pu)p2 Test data
12-5-1 43.67 35.40 36.75 57.21 73.00 1.9866 1.2760 Ref. ] 0
12-5-2 43.67 35.40 36.75 57.21 71.10 1.9349 1.2428 "
12-5-3 43.67 35.40 36.75 57.21 67.20 1.8288 1.1746
"20-1 3/4-1 44.11 34.00 4.94 7.44 7.13 1.4435 0.9589 "
20-1 3/4-2 44.11 34.00 4.94 7.44 6.84 1.3848 0.9199 "
SC-II2 50.08 30.26 8.40 17.38 20.18 2.4020 1.1614 Ref. 5
18-2 1/2-1 51.44 34.00 5.91 11.00 12.75 2.1580 1.1586 Ref. 10
18-2 1/2-2 51.44 34.00 5.91 11.00 11.95 2.0226 1.0859 "
SC-Ill 51.52 25.68 7.62 14.58 17.15 2.2494 1.1765 Ref. 5
SC-Il 57.63 31.59 5.80 18.22 22.20 3.8263 1.2183
"SC-I2 57.71 30.73 5.75 17.75 21.70 3.7718 1. 222{+ "
Mean Pm == 1.8143 1.1047
Coefficient of Variation Vp == 0.3218 0.0877
*(P ) 1 was computed on the basis of section 3.2(d) of the AISI Specification
u '





Values of Safety Index for Unstiffened Compression Elements
Case P Vp Range of 13 Value of 13 Number ofm D/L=O.l to 3.0 D/L=1/3 test data
1. Section 3.2 (a), [wit < 63.3/IF ]
- y
- beams 1.3615 0.0438 4.56-6.25 5.02 3
- columns 1.0828 0.0335 3.46-4.78 3.81 3
2. Sections 3~2 (b) and (c), [63 .3/1F" < wIt < 25]y -
- beams 1.2372 0.1322 4.47-4.26 3.71 24
- columns 1.1152 0.1839 2.67-3.10 2.81 20
3. Section 3.2(d), [25 < wit S 60]
- beams 1.9842 0.4655 2.56-2.66 2.60 28
- co1umnR 1. 8143 0.3218 3.20-3.43 3.28 33
4. Proposed changes, [63.31IF < wIt < 25]y -
- beams 1.0439 0.1082 2.91-3.68 3.13 24
- columns 0.9606 0.1174 2.49-3.11 2.67 20
5. Proposed changes, [25 < wit S 60]
- beams 1.0595 0.1591 2.64-3.14 2.80 28




Statistical Data on Material, Fabrication and Professional Factors
of Bolted Connections(l2-2l)
Case r1m VM Fm VF Pm Vp
Longitudinal Shearing of Steel Sheets
(1) Single shear, single bolt, with washers 1.10 0 0 10 1.00 0.06 1.13 0.17
(2) Double shear, single bolt, with washers 1.10 0.10 1.00 0.06 1.14 0.19(3) Single shear, single bolt, without washers 1.10 0 0 10 1.00 0.06 1.12 0.16
Bearing or Piling Up of Steel Sheets
(4) Single shear, single bolt, with washers 1.10 0.10 1.00 0.06 0.91 0.18
(5 ) Double shear, single bolt, with washers 1.10 0.10 1.00 0.06 1.01 0.22
(6) Single shear, single bolt, without washers 1.10 0.10 1.00 0.06 0.86 0.06
Tearing of Sheet in Net Section
(7) Single shear, single bolt, high ductility
steel 1.10 0.10 1.00 0.06 1.00 0.17
(8 ) Single shear, single bolt, low ductility
steel 1.10 0.10 1.00 0.06 0.92 0.25
(9) Double shi:: ar, single bolt, high ductility
steel 1.10 0.10 1.00 0.06 1.18 0.22
(10) Double shear, single bolt, low ductility
steel 1.10 0.10 1.00 0.06 1.11 0.14




Stastical Data on Material, Fabrication and Professional Factors
of Bolted Connections Subject to Shearing
T/Of Of/Fu F NumberCase VR of
m V m V m V Tests
Shearing of the Bolt
(12a) Double shear, 3/8" A307 bolts, F = 10 ksi 0.68 0.11 1.28 0.08 1.00 0.05 0.14 11
v
(12b) Double shear, 3/4" A307 bolts, F = 10 ksi 0.60 0.10 1.13 0.08 1.00 0.05 O. J4 8
v
(13a) Single shear, 3/8" A307 bolts, F = 10 ksi 0.75 0.10 1.28 0.08 1.00 0.05 0.14 19
v
(13b) Single shear, 1/2" A307 bolts, F = 10 ksi 0.63 0.06 1.18 0.08 1.00 0.05 0.11 11
v
(13c) Single shear, 3/4" A307 bolts, F = 10 ksi 0.76 0.06 1.13 0.08 1.00 0.05 0.11 14
v
(14a) A325 bolts, 1/4" dia., F = 22 ksi 0.64 0.11 1. 21 0.08 1.00 0.05 0.14 30
v
(14b) A325 bolts, 1/4" dia., F = 15 ksi 0.64 0.11 1.21 0.08 1.00 0.05 0.14 30v
(14c) A325 bolts, 3/8" dia., F = 22 ksi 0.80 0.07 1.03 0.09 1.00 0.05 0.14 8
v
(14d) A325 bolts, 3/8" dia., F = 15 ksi 0.80 0.07 1.03 0.09 1.00 0.05 0.14 8
v
(14e) A325 bolts, 1/2" dia., F = 22 ksi 0.69 0.09 1.16 0.08 1.00 0.05 0.13 12v




Values of Safety Index for Bolted Connections
F ::: 10 ksi
FV ::: 10 ksi
FV = 10 ksi
FV = 10 ksi








Longitudinal Shear of Steel Sheets
(1) Single shear, single bolt, with washers
(2) Double shear, single bolt, with washers
(3) Single shear, single bolt, without washers
Bearing or Piling Up of Steel Sheets
(4) Single shear, single bolt, with washers
(5) Double shear, single bolt, with washers
(6) Single shear, single bolt, without washers
Tearing of Sheet in Net Section
(7) Single shear, single bolt, high ductility steel
(8) Single shear, single bolt, low ductility steel
(0) Double shear, single bolt, high ductility steel
(10) Double shear, single bolt, low ductility steel
(11) Multibolted connections
Shearing of the Bolts
(12a) Double shear, 3/8" A307 bolts,
(12b) Double shear, 3/4" A307 bolts,
(13a) Single shear, 3/8" A307 bolts,
(l3b) Single shear, 1/2" A307 bolts,
(l3c) Single shear, 3/4" A307 bolts,
(14a) A325 bolts, 1/4" dia., F = 22
(14b) A325 bolts, 1/4" dia., FV = 15
(14c) A325 bolts, 3/8" dia., FV = 22
(14d) A325 bolts, 3/8" dia., FV = 15
(14e) A325 bolts, 1/2" dia., FV ::: 22
























































Shear Strength Tensile Strength T Type ofSpecimen u
of Weld, T of Electrode, FE F Failure
(ksi) u (ksi) xx Exx
7Y-L-L7 58.4 100 0.584 WS
12Y-L-L8 57.5 100 0.575 WS
1205X-L-L9 47.6 100 0.476 WS
l605X-L-L10 58.8 100 0.588 WS
20Z-L-Lll 53.0 100 0.530 WS
l2FAX-L-L12 42.8 70 0.610 WS+PT
12Y-L-L14 54.1 100 0.541 V'S
l205X-L-L15 56.6 100 0.566 WS
l605X-L-L16 56.4 100 0.564 WS
l2FAX-L-L18 38.6 70 0.551 WS+PT
Mean (T /FE ) 0.559Coefficient of variation u xx m 0.062
WS - Shear failure in the weld.
PT - Tension failure in the plate.
54
tabLe 9
Tested and ~redLcted Shea~Str}ngths
of R,esi.stance WeLds (23~25
'J:hickness of Shear strength per spot (S)test
thi.nnest sheet (lb) (S)pred(in. ) test pred
0.010 130 125.0 1.0400
0.021 320 337.5 1.9481
0.031 570 593.8 0.9604
0.040 920 875.0 1.0514
0.050 1350 1312.5 1.0286
0.062 1850 1900.0 0.9737
0.078 2700 2600.0 1.0385
0.094 3450 3437.5 1.0036
0.109 4150 4125.0 1.0061
0.125 5000 5000.0 1.0000
0.010 130 125.0 1.0400
0.012 170 162.5 1.0462
0.014 200 200.0 1.0000
0.016 240 237.5 1.0105
0.021 320 337.5 0.9481
0.025 450 437.5 1.0286
0.031 635 593.8 1.0694
0.034 790 687.5 1.1491
0.044 920 1050.0 0.8762
0.050 1350 1312.5 1.0286
0.062 1950 1900.0 1.0263
0.070 2300 2250.0 1.0222
0.078 2700 2600.0 1.0385
0.094 3450 3475.5 0.9927
0.109 4150 4125.0 1.0061
0.125 4800 5000.0 0.9600
0.140 6000 6190.5 0.9692
0.156 7500 7460.3 1.0053
0.171 8500 8650.8 0.9826
0.187 10000 9920.6 1.0080
0.203 12000 11209.7 1.0705
0.250 15000 15000.0 1.0000
Mean Pm = 1.0102
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F~g. 1. Histogram fo~ Yield Po~nt of Steel A1
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Fig. 3. Histogram for Yield Point of Steel C,
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Fig. 4. Histogram for Yield Point of Steel D,




























'iig. 5. Histogram for Yield Point of Steel E,
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Fig, 6. Histogram fo.~ Yield Point of Steel F,
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Fig. 7. Histogram for Yield Point of Steel G,
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Fig. 8. Histogram for Yield Point of Steel H,
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fig. 9. Histogram for Yield Point of Steel I,























Fig. 10. Histogram for Tensile Strength of Steel A,



























Fig. 11, Histogram for Tensile Strength of Steel B,












I- Variation = 0.08
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Fig. 12. Histogram for Tensile Strength o~ Steel C,
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Fig. 13. Histogram for Tensile Strength of Steel D~





















Fig. 14. Histogram for Tensile Strength of Steel E,
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Fig. 15. Histogram for Tensile Strength of Steel f,
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Fig. 16. Histogram for Tensile Strength of Steel G,






















Fig. 17. Histogram for Tensile Strength of Steel H,






























Fig. 18. Histogram for Tensile Strength of Steel I,



































Fig. 19. Histogram for Elongation of Steel A,































Fig. 21. Histogram for Elongation of Steel C~





























~ig. 22. Histogram for Elongation of Steel D,


























fig. 23. Histogram for Elongation of Steel E,










l- I-- r- Coefficient of
~ Variation = 0.21






Fig. 24. Histogram for Elongation of Steel F~

























Fig. 25. Histogram for Elongation of Steel G,




























~ig. 26. Histogram for Elongation of Steel H,

























Fig. 27. Histogram for Elongation of Steel I,
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Fig. 28. Histogram for Yield Point
F = 33-55 ksi, 4,225 testsy
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Fig. 29. Histogram for Tensile Strength
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Coefficient of

































Fig. 30. Histogram for Elongation





























Fig. 31. Histogram for Thickness of
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Fig. 32. Histogram for Thickness of Uncoated




























Fig. 33. Histogram for Thickness of Uncoated
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Fig. 34. Histogram for Thickness of Uncoated Steel
Sheets, 0.10 in.St <0.15 in., 57 Samples
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Fig. 35. Histogram for Thickness of Uncoated Steel Sheets
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Fig. 36. Histogram for Thickness of Uncoated Steel
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Fig. 37. Histogram for Thickness of Coated and Uncoated
Steel Sheets, 1,436 Samples
40, i
NOTES:
This figure was based on
F = 33 ksiy
a,b - For flanges and angle
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Note: See Table 7 for description of
different cases.
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Fig. 39. VaTiation of the Safety Index a fOT Bolted
Connections
